15. Slow sand filter desi.

Sand Filter Design

‘Slow sand flltration is a simple and effective technique for purifying
‘surface water. It will remove practically all the turbidity from water,
together with virtually all harmful eggs, protozoa, bacteria and viruses
withoul the addition of chemicals and may frequently be constructed
largely wilh local materials.

A slow sand fllter consists baslcally of three different layers within a fiiter-
‘box. These layers are from bottom to top:  the underdrainage system, the

‘gravel layer and the sand. It is only the sand which plays any part In the
treatmenl process.

The-underdralnage may consist ol:

" perloraled plpes of asbesios comeont or ol * concrale lles
! porous or perforaled unglazed plpes * household bricks
* porforated plpes of PYC . * large gravel (40 - 100mm)

M plpos aro amployed, a serles ol iotaral
dralns (60mm diamotar) are conneclod to

‘a'main drain. e LI Latorad drivs
Porforations of 2 to dmm diameter ero = B
‘made on the undarside ol the latoral B 1 [ i
dralns at Intervals of 150mm. il | Pl
Lross-socllonal area of main draln = sum =
ol cross-socllional areas ol all lateral oot e
drains. == ===
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The wunderdrainage should nol be closer
lo the wall than D.6m,
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SLOW SAND FILTER DESIGN

The Gravel Layer

The gravel |ayer is arranged In four gradod
levels. All gravel musi be clean.

Tho gravel layer should nol be clesar Ihan
0.6m 1o the walls. This means thal any
wiater which runs qulckly down the walls
and doos not fliter through the sand
layars (le, It ‘shor-clrewlls” the system)
must pass through some depth ol sand
bolare antering the gravel and
undardrolnage.

The Sand Layer

le. characterized byt

Effective Slzo (E.5.)- mosh diameter (mm) of a slove which ralains 80 per cent of the sand.

1.8m
BGEm

-

Sand, il mod dindddramagiy

Filter Box

Tho liter box may be constructed elther
with vertical sldes or with sloping aldes,

[t doslgned ta have vertical sidos (L may be
constructod of olihor;

' mass-concrelo

* larrocemaoni

* masanry

* ralntorced cancreto

During construction the wall must be
roughened where It will be In contect with

the sond In order to prevenl short-
curculting (sae sectlon on the gravel
layer).
IO
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Unitarmity Coofticiant {U.C.)- mesh dlametor

(mm) ol a slove which retains 60 por cont

of the sand, divided by tho etleciive sizo.

ES. - balween 0.2mm and 0.4mm

LLC. = less than 3.0, prelerably less thamn
2.0

Sultable sand s Osually easy (o iind
locally. Il any grading Is necessary, Il Is
normally sufficlent to ramove only the
coarsest grains and the vory llnost gralng,

It the iliter box ‘15 designed to have
sloping sildes |t may be construcied alther
af':

* mass-concrale
* masenry

' puddica clay
* rip-rap

Caommonly, masonry will ho omployed and
the system mado watoertight by odding a
layer ol puddied clay

Sioping walls are simpler 1o construct -and
can usually be made wilth locally avallable
material butl cannat be guaranieed 1o bo
always walartlght.
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Inlet Arrangements
‘fﬁﬂm are lwo main _hrpﬁa-u!' inletl arrangement.

The concrete file Is a splash tlle 1o
 prevenl wator falling dtmuii:.r onlo the
ﬂnd+ﬁud ‘and nm:llnn in.

—

r:rm‘—-e.—_f_“- L 1o

Sand.

I‘hg Intel s controlled elther by a hand- =
operated gate valve or by a floal- 5
~tontrollad bullarly valve.

Water Reservoir

This 1s normally maintained at @ constant depth of betweon 1.0m and 1.5m.
Outlet Arrangament Outal e

[T[l]nl ouflel ja;lnw InII mn::nlalnnd ':t the dﬂtnn ol
W o rate 1] 1] -'ﬂjlﬂ'l'l'l ﬂl‘ﬂ vaivo 4 -
which 18 au:ufmiud gvery day. It 15 ossontlal it __§eomm
lo provide an ouilet welr which |s above - :
l’na helght of the sand bed.
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SLOW SAND FILTER DESIGN

The size of the filter

Tho slze of a slow sand llitar Is determined by sovaral faclors.

For examplo:

Population of 1000 with water consumpllon of 100 litresfcaplia day.
Wastage can be assumed Lo be 30 per cenl of produclion,
Therslore - lotal dally production needs to be: 1000 x 100 x 100

143 DOO NMires/day

{100 - 30}
= 143 m3/day
The rate af (litratlen 18 2.4m3/m2d (=0.1m¢h}
Thorofore - the filler lank needs lo have an oroa of: 143 = 56m2  (7m x 8m)
2.4

Two parallel filtars are raquired, cach Ym x 4m, with a common divide wall.
Owvarall fiter tank helght above lovel of walar - 0,3
s made up af: waler - 1.0

sand - iR

gravel - 0.3

underdrainago = 015

toundations « B.156
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The Final Design
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21. Slow sand filters (2)

Operation and maintenance
The effectivenass of slow sand filters depends very much on the style of operation and mainienance.
A major advantage of this process is the limited number of tasks which must be psrformed, but
Ihese must be carried out correctly. (For design notes, refer 1o Technical Brief No. 15)

Daily tasks

1. Ensure the depth of water in the reservoir
abova the sand Is near the maximum. The |evel
must be just at or very slightly below the overflow.
This level should not be allowed to fall.

2, Adjust the trealment rate and the design flow
by slightly opening the contral valve (or slightly
closing itif it was previously Incorractly =at). The
control valve Is the outlet valve between the filter
outlel and the final weir,

Adjust the outiel valve

The correct flow rate can be accurately judged by
dipping the depth of waler flowing over the linal
weir, ar by checking the water depth over the V-
nolch weir set an the outlet weir.

Dip the waler flow

3 Obsarve the quality of the source water and of the filtered waler. Itis also helpful to check forany
odour in both source and fillered water.

4. Nole, in the records, the flow rale, condilion of source and filtered waters and any unusual

accurrences. Unusual occurrences might include unseasonal weather condifions, development of
algae in the filter, rising schmutzdecke (filter-skin) or the lllness of any of the operatars.
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SLOW SAND FILTERS (2)

Scraping the filter
Scraping becomes necessary when, with the maximum head of water available above the sand and
the outlet valve fully open, it is nol possible to obiain the design flow.

(When scraping the filter, it is essenlial {o take measures o contral the personal habits of the
warkars. There should be no spltting, urinaling or defecaling. Tools should be disinfected.)

1. Commence the scraping (or lilter cleaning)
operations by closing the inlet valve at the end of
the day and allowing the filter lo drain avernight.

2. Early next maorning, run off any remaining
water by opening the drain valve at the sand
surface,

3. Continue to drain surlace water lhrough the
filter wuntil the leval of water is about 100mm
helow the sand surface.

Swab down the filler walls

4. Swab down the walls of the filler box and

Q‘Ta .
Mgy %%}

%""PE@ b BN 5 remove any attacked algae. (Ses above,)
"“H‘ =t
Lo %,,, _ 5. Begin scraping by using broad-bladed shovals -
FDZ’“;_,J m"‘i-t-ﬂr_ or hoes to gathar the schmutzdecke and any dirty
E-'?,au rh"‘??:. sand Into long ridges. The removal of a 25mm
i-% depth is usually sullin[anL (See left)
-'ﬂl-u'_.'.-\-‘_'-Eéh T
Fea
o

Gather the schmulzdecke info ridges

6. Remove the ridges of dirly sand and
schmutzdacke from the filter. [See right.)

7, Smooth out the surface of the sand, Adjustthe
level of the sand surface drain and of the final wair
il nacassary and possible.

8. Raflll the filter from the bollom unlil there
i5 a depth of 150-200mm of water above the sand
then stop filling from the bottom and resume filling

in the nannal mannar, Carry away dirfy sand
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SLOW SAND FILTERS (2)

Do’s of slow sand filter operation

During fliter cleaning:

® Do maka sure that the cleaning operation is
carried out quickly — one day is usually sulficiant,

‘@ Do make sure Ihat there is a bath tray of clean
waier tor all the personnel involved to walk threugh

-gachtime they enterthefilter. Footwearshouldbe
provided.

Walk through a bath fray of water

® Do contral the parsonal habits of warkers in
the filter. Mo spitling, urinating or defecating.

@ Do make sure that all birds are continually
scared away from the exposed sand.

Scare birds away from the fiter

® Do refill the empty filter from Ihe botiom,

Don’ts of slow sand filter operation:
® Don't dig up the whole of the sand bed during cleaning,
@ Don't allow the level of the waler in the reservoir to fall,

® Don't operate at varying ratas,

® Don't allow people who are unwell to enter the empty filier during cleaning.
@ Don't clean mors than one filter at a ime.

® Don't allow birds lo foul exposed sand during cleaning.
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'SLOW SAND FILTERS (2)

General points
The lollowing notes relate to Technical Brief No.15, Slow Sand Filter Design, and are inte nded to
clarify design points.

1. The Gravel Layer
Instead of four layers of graded gravel illustrated, 1t Is possibla to use only a three-layer gravel
syslem:

Top layer: 100mm depth of 1-1.5mm graval
Middle layer: 100mm depth of 4-6mm graval
Bottom layer: 100mm depth of 16-23mm gravel

2. The Uniformity Coefficient
The Uniformity Coefficient is the mash size of a sieve in mm which retains 80% ol the sand divided
by the mesh size of a sieve in mm which retains 40% of the sand.

3. Inlet and outlet control
(i} The funciion of the inlat conlrol system is to maintain a constant head of water above the sand.
(i) The function of the outlat control system is to regulate the flow of water o the design rate.

4. Removal of viruses

A minimum depth of sand of 600mm is recommended 1o ensure the complete ramoval of viruses,
References: Poynter, S.F.B. and Slade, J.S., The ramoval of virusas by slow sand fiitralion, Prog.
Water Technol., 8,75, 1977.

Windle-Taylor, E., The removal of viruses by slow sand filtration, Rep. Results Bact. Chem. Blal,
Exam, Land. Waters, 44,52, 1969-70.

5. Eliminating wall effects

In order to eliminate wall etfects it is necassary either to roughen the walls al the sand level during
construction or ensure thal the drainage system ends atleast 600mm from the walls. Itis prefarable
lo take both precautions,

6. Inlet flow control
Inlat flow control by butterlly valve is advantageous if possibla. It is not essential.

For lurther infermation:

Eliis, K.V., Siow Sand Fifiration. CRC Critical Reviews in Environmenizl Confral, 15, 4, 315-354, 18835,

Huisman, L. and Woad, W.E., Siow Sand Filtealion, WHO, Gengva 1574,

Slow Sand Fitlration for Cammunity Water Supply in Developing Counlries; A Design and Consiection Manueal,
IAC Technical Faper Seres No.11. 1678,

Tax: Kon Ellis  llusizations el dasign: Rod Shaw ;
WEDC, Loughbarpugh Univaraily of Technalogy, Loughberough, Laicostorshiro LETT 3TU, LK.
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